Achieving a required high shrub density level in the postmining reclamation plant communities can be relatively expensive, time consuming, and also requires a high level of replanting maintenance due to high levels ·of mortality. This study was initiated to investigate differences in shrub establishment among three types of reclamation sites:
INTRODUCTION
Increased surface coal mining activity in the western United States has created a variety of challenges and requirements for the mining industry. Reclamation efforts have increased substantially in recent years, and in particular since the passage of the Surface Mine Control and Reclamation Act< I).
In Colorado, rules and regulations applicable to surface coal mining operations and reclamation have been promulgated by the Colorado Mined Land Reclamation Board < 2 >.
Revegetation requirements for reclaimed lands include the establishment of plant communities that meet various cover, production, species composition, diversity, and woody plant density standards.
Reclamation· of mined lands has developed into a process that involves a variety of disciplines and requires the coordination of planning and operations staffs. How these reclamation plans and methods are implemented in the field will dictate to a large extent the level of reclamation success.
In areas of surface coal mining where premining vegetation consists of the mixed brush or sagebrush vegetation communities, achieving postmining shrub densities (which are related back to premine densities and dictated by regulatory requirements) has become a point of considerable debate. Crofts and Parkin demonstrated that achieving high shrub density levels can be relatively expensive, and also requires a high level of replanting maintenance due to high levels of mortality.()) A means of achieving this elusive goal is to maximize natural processes of reinvasion, regeneration, and succession in reclaimed areas. With the increased use of direct haul topsoil or short duration stored topsoil, in reclamation efforts, natural regeneration of native woody vegetation con be increased markedly. < 4 ,S) This can often be further enhanced by maximizing the placement of the uppermost native topsoil layers on the surface of the retopsoiled areas and by controlling the time of topsoil replacement.CS)
The following study was initiated to document the amount and composition of woody Two vegetation types and one subtype have been identified at the Seneca II Mine: the sagebrush grassland type, the mixed brush type, and a minor aspen subtype. The mixed brush type is the most extensive on the study area and is dominated by a shrub overstory of Gambel's oak (Quercus gambelii), common chokecherry (Prunus virginiana), and saskatoon serviceberry (Amelanchier alnifolia). The understory is a mix of herbaceous species, big sagebrush (Artemisia tridentata), and mountain snowberry (Symphoricarpos oreophilus). Shrub densities in the premine mixed brush type are about 8,000 stems/ha.
The sagebrush grassland type accounts for nearly all of the remaining vegetation on the study area.
While big sagebrush, mountain snowberry, and Douglas rabbitbrush 
STUDY METHODS
Reclamation activities at the Seneca II Mine have been ongoing since the late 60's. This has resulted in a variety of methods used in reclamation which can be associated with changes in regulatory requirements, methodologies, and technology. Three general types of reclamation were sampled at the Seneca 11 Mine. These include graded spoils, no topsoil; graded spoils, topsoil from stockpiles; and graded spoils, direct hauled topsoil. · Prior to selection of the sample ·sites, the area for each of the three reclamation types to be studied was delineated on a I" = 400' topographic base map. All sample sites were Shrubs at each site which were rooted within the I meter x 50 meter rectangular quadrat were counted by species and the low and high shrub heights recorded in centimeters.
Additionally, the compass orientation of the transect, the average percent slope, and the slope aspect were recorded.
RESLLTS
Establishment of shrubs hos occurred in all of the areas studied, but was variable within each of the three types. Shrub establishment increased substantially from the older graded spoils with no topsoil to the newer direct haul topsoiled areas. While many transects in the topsoiled areas did not have shrubs rooted within, shrubs were present in the immediate vicinity of the transects.
Big sagebrush and mountain snowberry contributed the highest numbers to total shrub composition in topsoiled areas. Big sagebrush and rubber rabbitbrush had the highest numbers in graded spoils. In topsoiled areas, all major shrub species present in the mixed brush and sagebrush grassland types were reestablishing.
Graded Spoils/No Topsoil
This study area included those areas of graded and seeded spoils reclaimed from the period of 1972 to 1976. Topsoiling Wa5 not carried out on any of the 53 hectares included in the sample area.
Total estimated shrub density on this sample unit was .72 stems/50m 2 ( Table I) The Shrub regeneration in the reclaimed spoil areas that were not topsoiled is quite limited and restricted to those areas closest to undisturbed stands of native vegetation. Wind blown seed from stands of rubber rabbitbrush and big sagebrush is the most likely method of establishment for these two species in the graded spoils area. Even though grading and seeding of this area occurred e ight to ten years ago, very limited regeneration has occurred. A very heavy stand of alfalfa and grass has become established which has effectively slowed the establishment of invading species. Bartolome and Heady found t hat sagebrush reinvasion was slowed or halted in areas that were cleared of sagebrush, seeded, and had a good establishment of herbaceous cover ( 13 ) The few mountain snowberry plants established in the spoil/rio topsoil area were probably a result of seed transported by animals.
The small areas of graded spoil which were topsoiled from topsoil stockpiles were highly variable in shrub establishment. There were localized heavy stands of mature big sagebrush adjacent to those transects with high densities of big sage brush which most probably contributed to establishment. In addition it may be possible that seed in the soil which was stockpiled less than one year maintained an adequate level of viability. Big sagebrush seed can remain dormant in the soil for per iods of up to four mont hs a nd subspecies vaseyana requires a period of st ratification (two to three months) for proper germination. ( 9 ) The areas of graded spoil where topsoil was replaced by direct haul methods had good establishment of shrubs in terms of total numbers and number of species. It has already been shown that high levels of residual sagebrush seed in the soil can be expected, and thus good establishment of sagebrush is possible. Big sagebrush was the most common shrub established in direct hauled areas and exhibited the best vigor and highest densities where the herbaceous vegetation was not established or had low cover. Many of the big sagebrush plants in areas that were reclaimed three years ago or longer were producing seed.
The remaining dominant shrub species which reproduce by both seed and root sprouting, In those areas where topsoil is carefully replaced and direct haul topsoil is maximized, reestablishment of the native communities is greatly improved. Succession in the re- Environmental conditions such as premine plant communities, soils, and climate will determine the potential for natural shrub regeneration. However, natural shrub regeneration from direct haul or short duration stored topsoil can ploy o major role in reestablishing overall woody plant densities in the reclaimed landscapes. In the case of woody plant establishment, this would then allow planting efforts and resources to be directed to those areas that contribute to critical habitat and improve wild( ife edge and diversity.
